The ability to produce adequate cell blocks profoundly impacts the diagnostic usefulness of cytology specimens. Cell blocks are routinely processed from fine-needle aspiration specimens or concentrated fluid samples.
INTRODUCTION
The use of cytologic specimens for molecular diagnostics is rapidly increasing. Various tissue extraction techniques are currently available, such as tissue scraped from unstained sections of formalin-fixed, paraffin-embedded cell blocks; cell scrapings from direct smears; cell acquisition from liquid-based media; direct cell acquisition from Whatman filter paper cards; and cell retrieval from thawed, fresh-frozen tissue samples. 1 With the advent of targeted therapy, procedures are being performed for the sole purpose of obtaining cellular material for genomic studies. Tumor metastases often are sampled, which are frequently located in areas more amenable to fine-needle aspiration (FNA) than core needle biopsy. Cytopathologists are critical to this process, from confirming diagnostic material during rapid on-site assessments to triaging specimens for ancillary studies. Cellular material from cell blocks is increasingly being used for molecular studies. In cases in which there is insufficient material in the cell block, cell transfer techniques can be used for targeted mutation analysis such as epidermal growth factor receptor (EGFR) and KRAS.
2 Unfortunately, direct smears are not used routinely for extended genomic sequencing panels. It can be especially disappointing when directed passes from hypercellular direct smears yield inadequate cell blocks. In an effort to increase cellular yield, the study institution reviewed our processing techniques to develop an effective and inexpensive method with which to produce cell blocks that consistently yield abundant cellular material, termed the CellGel method. A brief review of our prior processing methods is outlined below. These methods are presented in chronological order, culminating with the HistoGel Tube method. The main difference between the HistoGel Tube method and the Cell-Gel method is the use of disposable base molds in the latter method.
Thromboplastin Method
The thromboplastin method, also referred to as the plasma-thrombin method, was one of our initial processing methods (Fig. 1) . 3 The method combines expired blood bank plasma with concentrated powdered thrombin. A volume of plasma equal to the volume of the cellular sediment is added to a conical centrifuge tube. Resuspended thrombin is added to the mixture with an insulin syringe in 0.1-mL increments and allowed to clot for 5 minutes.
Over the years, this method began to fall out of favor for a multitude reasons. First, the expired plasma had unknown clotting abilities. Despite following an established protocol, an absence of clotting factors resulted in cellular material dissociating from the preparation tubes, dissipating on lens paper, and dissolving in formalin. Second, a national shortage of thrombin led to decreased availability and increased cost.
Cellient Automated Cell Block System
The Cellient Automated Cell Block System (Hologic, Marlborough, Mass.) is designed to provide a consistent processing method that eliminates operator variability (Fig. 2 ). 4 The sample is placed onto specially designed cassettes that accommodate a gold filter. Use of this processing method requires a Cellient Processor and Cellient Finishing Station (Hologic) along with the various costs associated with the purchasing of the proprietary cassettes, filters, and reagents. Although this system produced satisfactory blocks, it did not exceed the quality of cell blocks prepared using the thromboplastin method. Studies have shown varying results regarding the cellularity from traditional cell block methods versus the Cellient Automated Cell Block System. One study failed to find significant differences in cellularity between the methods. 5 Another study found that Cellient cell blocks had slightly lower cellularity than cell blocks prepared with traditional methods. 6 The main drawbacks of the Cellient system included high costs and low throughput. The production of 1 cell block would take approximately 40 minutes. The study institution, with an FNA volume of approximately 4000 cases per year, would have required at least 2 instruments to meet demand.
Cotton Block Method
The cotton block method was an in-house innovation to gather potential cellular material that accumulates in the needle hub during FNA procurement (Fig. 3) . The process involves placing cotton fibers into the needle hub before procurement and submitting the cotton fibers and potentially entrapped cellular material for cell block processing. During processing, the cotton fibers dissolve, leaving behind cellular material. This process was attempted on both fluid samples and FNA specimens. The main drawbacks included the inability to draw abundant cellular material into the needle hub and inconsistencies with embedding and sectioning.
HistoGel Tube Method
The HistoGel Tube method is most similar to the CellGel method, albeit with minor differences that significantly impact the cellular yield (Fig. 4) . 7 Initially, Roswell Park Memorial Institute (RPMI) medium (Sigma-Aldrich Corporation, St. Louis, MO) was used, but was later switched to CytoRich Red Preservative (BD Diagnostics-TriPath, Burlington, NC). The process involves the same preparation steps as the Cell-Gel method, except that HistoGel (Richard-Allen Scientific Company, Kalamazoo, Mich.) is added to the centrifuge tube containing sediment rather than to a disposable base mold containing sediment. This leads to 3 main issues: 1) the congealed samples are difficult to remove from the tube, leading to fragmentation of the specimen; 2) the cellular material concentrates in the tip of the tube, which provides less surface area for cellular distribution; and 3) the cellular material is inconsistently placed within the cassette and therefore may not be optimally embedded and sectioned. Overall, this method is comparable in terms of cost to the Cell-Gel method, minus the expense of the disposable base molds.
MATERIALS AND METHODS
The current study was approved and deemed exempt by the Indiana University Institutional Review Board (#1606229179). We assessed our failure rate, defined as having insufficient cellularity in a cell block for immunocytochemical stains and/or molecular studies, before and after implementing our method. A cell block was deemed adequate under pathologist review if it contained >50 cells of interest. From January 2014 to December 2014, cell blocks were processed using RPMI medium in a centrifuge tube with HistoGel. In January 2015, we modified our protocol by substituting RPMI with a hemolytic fixative (CytoRich Red Preservative) and centrifuge tubes with disposable base molds (Fisher Scientific Tissue Path Disposable Base Mold; Thermo Fisher Scientific, Waltham, Mass). We compared our failure rate on a total of 220 cell blocks. We evaluated 110 cell blocks processed with the HistoGel Tube method and 110 cell blocks processed with the CellGel method. Our Cell-Gel method has been in effect since instituting these modifications in January 2015.
Implementation of the Cell-Gel method also led to decreased use of the cell transfer technique for immunocytochemical staining. 8 The cell transfer technique is a laborintensive process whereby cells from Papanicolaou-stained direct smears are transferred to another slide for immunocytochemical staining. 9 The technique is used when there is limited tissue in the cell block and additional diagnostic workup is necessary. The Cell-Gel method can be simplified into 3 main steps: 1) preparing the sample; 2) constructing the cell block; and 3) processing the cell block. Sample preparation involves submitting FNA specimens directly into a hemolytic fixative or adding a hemolytic fixative to concentrated fluid samples. This step hemolyzes red blood cells, which can obscure diagnostic material. 10 Visual assessment of the material procured during rapid assessment also is more accurate because red blood cells are lysed and cellular material collects in the bottom of the tube. Constructing the cell block uses disposable base molds, which allows for the Cell-Gel Method/La Fortune et al
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April 2017 even distribution of cells over a well-defined surface area. HistoGel is then added to the mold and the cells concentrate at the base of the mold. The molds are placed in an ice bath to encourage solidification of the HistoGel. The cell block then can be optimally embedded and sectioned. Processing the cell block is similar to surgical specimens requiring orientation. The cell block is embedded so that initial histologic sections are obtained from the base of the cell block with the greatest concentration of cellular material. With proper training of histotechnologists, paraffinembedded cell blocks can be processed with minimal risk of sectioning through cellular material. The Cell-Gel method is reviewed in detail. This method can be applied to both concentrated fresh fluid samples and FNA specimens, with minor variations.
Cell-Gel Method Protocol
Preparing the sample
The following are steps for preparing the sample (Fig. 5) . First, the FNA material is submitted into a centrifuge tube containing 30 mL of CytoRich Red Preservative or 30 mL of CytoRich Red Preservative is added to a concentrated fresh fluid sample. Specimens can be fixed in formalin instead of CytoRich Red Preservative. This is required in cases in which immunocytochemical stains are performed for hormonal receptor status. Second, the specimen is vortexed. Third, the specimen is allowed to fix for 30 minutes. Fourth, the specimen is centrifuged with a relative centrifugal force of 600 g for 10 minutes. Fifth, the supernatant fluid is decanted into a waste container. Finally, the sediment is vortexed. 
Constructing the cell block
The following are the steps to construct the cell block (Fig.  6) . First, the HistoGel is prepared according to the manufacturer's specifications. HistoGel should be stored at 28C to 88C before use. It can be reused 3 times before its performance decreases. Second, a Fisher Scientific Tissue Path Disposable Base Mold is selected. We generally use 1.5 3 1.5 3 0.5 cm molds for FNA specimens and 0.7 3 0.7 3 0.5 cm molds for fluid specimens. Using smaller molds may concentrate material more effectively. In addition, multiple molds may be made for highly cellular specimens and placed into a single cassette for processing. Third, the sediment is transferred from the centrifuge tube into the mold. Fourth, HistoGel is added to the mold containing the sediment. Finally, the mold is placed in an ice bath to encourage rapid solidification. Specimens in CytoRich Red Preservative should be placed in an ice bath for 30 seconds. Formalin-fixed specimens should be placed in an ice bath for 2 minutes because institutional experience has demonstrated that these specimens require more time for solidification.
Processing the cell block
The following are steps to process the cell block (Fig. 7) . First, pre-cut foam is placed into both sides of a cassette. Second, the cell block is released from the mold using a metal spatula. Third, the cell block is transferred into the cassette. When transferring the cell block from the base mold to the cassette, is it important to maintain orientation and not "flip" the block. The sediment tends to settle to the base, which should come into contact with the microtome blades first during sectioning. Fourth, the cassette is closed and placed in formalin for up to 12 hours. The cassettes can remain in formalin for up to 12 hours before processing without impacting immunocytochemical results. Our processor runs on a continuous feed and validation studies were performed on cell blocks with sameday processing. Fifth, the cell block is processed as a routine specimen. Sixth, histotechnicians should embed and section the cell blocks with the same approach used with surgical specimens (maintaining orientation). Finally, hematoxylin and eosin-stained sections are prepared from the cell blocks. The initial histologic sections should contain the most cellularity (Fig. 8) . Histotechnologists should section cell blocks conservatively to prevent sectioning through cellular material. For specimens requiring immunocytochemical stains or molecular studies (eg, lung tumors), we cut 10 unstained slides upfront.
RESULTS
Our cell block failure rate decreased from 18% with the HistoGel Tube method (January 2014-December 2014) to 6% with the Cell-Gel method (January 2015-December 2016). We evaluated 110 cell blocks processed with the HistoGel Tube method and 110 cell blocks processed with the Cell-Gel method, for a total evaluation of 220 cell blocks. This dramatic improvement in cellular yield is reflected in the decreased use of the cell transfer technique for immunocytochemical staining. At its peak, we performed 189 cell transfers in 1 year, which accounted for approximately 6% of our case volume. After implementation of the Cell-Gel method, our use of the cell transfer technique decreased to 2% of our case volume.
DISCUSSION

Cell-Gel Method
While refining the Cell-Gel method, we identified critical factors that dramatically impact cellular yield. One crucial step is using CytoRich Red Preservative, which contains isopropanol, methanol, ethylene glycol, and formaldehyde. The intended use of this solution adapted from the package insert includes preserving cells and small tissue fragments in suspension, preparing cells and small tissue fragments for cytological and histological examination, and lysing red blood cells and solubilizing protein. 10 Use of CytoRich Red Preservative does not appear to impact the morphology of cells, including lymphoid tissue. Alcohol-fixed compared with formalin-fixed tissue demonstrates similar nuclear and cytoplasmic preservation as well as comparable immunocytochemical and immunohistochemical staining patterns (Fig. 9) . Nuclear details such as chromatin pattern, nucleoli, mitoses, and karyorrhexis are evident. Cytoplasmic details including keratinization, mucin, and pigmentation are preserved.
Using this system required revalidation of immunocytochemical stains due to alcohol rather than formalin fixation. We used the same validation procedure that was conducted for the Cellient Automated Cell Block System. Although a review of our validation protocol is beyond the scope of the current study, the results were the same as those for formalin-fixed tissues. The CytoRich Red Preservative package insert states that preserved samples are compatible with immunocytochemical staining, and the results are similar to those achieved with neutral buffered formalin.
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Another critical component of the Cell-Gel method involves the use of disposable base molds. The molds help to produce a cell block with even surfaces that can be consistently embedded and sectioned. The use of molds reduces operator variability because each cell block has uniform dimensions. A larger mold measuring 1.5 3 1.5 3 0.5 cm (length 3 width 3 height) is most commonly used for FNA specimens, whereas a smaller mold measuring 0.7 3 0.7 3 0.5 cm (length 3 width 3 height) is used for fluid specimens or when there is less sediment observed after centrifugation. The smaller molds also effectively concentrate FNA specimens that might be composed of a single cell population that disperses during the addition of HistoGel.
The final key to successful cell block production is an educational component with laboratory personnel. Communicating the need for the consistent placement of the cell block in cassettes and proper embedding techniques has been of paramount importance. Histotechnologists have since mentioned the ease of embedding and sectioning cell blocks because there is minimal facing and complete sections are easily obtained. Cell blocks prepared via the Cell-Gel method yield an average of 80 sections measuring 4 lm each, which is nearly twice that of the Cellient method, which yields an average of 43 sections. Cell blocks prepared using the thromboplastin method yield 108 sections, although cellular material is not as concentrated as in the Cell-Gel and Cellient methods.
Conclusions
The study laboratory developed an effective and inexpensive protocol for producing cell blocks that consistently yields abundant cellular material. The Cell-Gel method uses a hemolytic fixative and disposable base molds to produce adequate cell blocks. When this method was implemented, the cell block failure rate in the study laboratory was reduced by approximately 67%. As the demand for molecular testing continues to increase, the need to produce quality cell blocks becomes more pressing. Satisfying this demand in the era of precision medicine is indispensable if cytology is to maintain its clinical relevance.
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